activity of curcumin is explained by its ability to induce the expression of cytoprotective proteins such as superoxide dismutase (SOD), catalase (CAT), glutathione reductase (GR), glutathione peroxidase (GPx), heme oxygenase 1 (HO-1) ,glutathione-S-transferase (GST), NAD(P)H; quinone oxidoreductase 1 (NQO1) and γ-glutamylcysteine ligase (γGCL) (2) . According to this background about antioxidant properties of curcumin and some reports which has described its role in nephrotoxicity by various chemicals, this research aimed to assay the effect of curcumin on lithium-induced chronic in rats by determining some indexes as lipid per oxidation of nephron tissues, pathological feauturs and BUN, cerateanine levels of animal serum.
Materials and Methods
Male Wistar rats (n = 30, 8 weak-old), weighing 150-200 g, were obtained from laboratory animal center of Mazandaran University of Medical Sciences. The rats were kept in an environmentally controlled room at constant temperature (21 ± 1 °C) and humidity (75 ± 5%) under a 12 h light/dark cycle. The animals were acclimatized for 1 week before the study and had free access to standard laboratory food and water ad labitum. The study has the permission of Ethics Review Committee for Ethics in Animal Experiments of the Mazandaran University of Medical Sciences and the guidelines for the Care and Use of Laboratory animals were strictly followed (Ethical Code:621). Curcumin powder, haematoxylin and eosin and Malonyl dialdehyde Kit were all purchased from Sigma Co (Germany), lithium chloride and DMSO (Dimethyl sulphoxide) were provided from Scharlo (Spain) and BUN/creatinine Kit from Pars Azmoon (Iran).
Experimental protocol
According to similar studies on chronic nephrotoxicity in animals (12, 13) , animals were divided into five groups of six: Group 1: Six animals as negative control were received normal saline 0.9% intrapritoeanally for three weeks. Group 2: Six animals as positive control were received lithium chloride 2 mmol/kg once a day intrapritoeanally for three weeks. Group 3: Six animals treated were received curcumin dissolved in DMSO (200) mg/kg intrapritoeanally 30 minutes after lithium chloride. Group 4: Six animals were treated as group 3 but without lithium treatment.
Group 5: Six animals were received DMSO 0.5 ml/day intrapritoeanally as solvent of curcumin. After all treatments in day 22, the rats were sacrificed and blood samples were taken for serum analyses and the kidneys were removed for histological studies and lipid peroxidation test.
BUN and creatinine analysis
For determining BUN and creatinine, after killing of animal, blood was taken by syringe from their hearts and the plasma was collected by centrifuge 10000 RPM. BUN and creatinine were determined by Konelab 60i from Thermo Clinical Labsystems (ESP00, Finland) with kits that were supplied by Thermo Clinical Labsystems. The analyses and methodologies followed the instructions of the test kit manufacturer.
Lipid peroxidation test
Lipid peroxidation was estimated by thiobarbituric acid (TBA) reaction with malondialdehyde (MDA), which the latter is the product formed from membrane lipid peroxidation (15) . In brief, after homogenization of animals' kidneys with homogenizer in Tris buffer (15), 2.5 mL homogenate, 0.5 mL of 0.9% NaCl, and 1.0 mL Trichloroacetic acid (TCA 20% w/v) were added into the mixture. The mixture was then centrifuged for 20 minutes at 4000 g at 4 °C. 0.25 mL TBA reagent was added to 1.0 mL supernatant and the mixture was incubated at 95 °C for 1 h and cooled under running tap water prior to addition of 1 mL -butanol. After thorough mixing, the mixture was centrifuged for 15 minutes at 4000 ×g at 4 °C. The organic layer was transferred into a clear tube and the absorbance was measured at 532 nm with a spectrophotometer (UV-1700). The rate of lipid peroxidation was expressed as moles of MDA formed/gram wet weight of the tissue.
Histopathological analysis
For histopathological analysis, after preparing the sections from kidney tissues of rats and embedding in paraffin block, preparation of section with microtome, and staining with haematoxylin and eosin protocol, the slides were observed by light microscope with magnificence of 10 and their pathological changes were assessed.
Statistical analysis
The comparisons between groups for biochemical and lipid peroxidation markers, were analyzed by one-way ANOVA and t-test by (SPSS software, Chicago, USA) and histopathological analysis were done qualifiactionally. 
Results

BUN and creatinine test
According to biochemical analysis, BUN and creatinine in lithium groups have been increased, (mean of BUN: 55.4 mg/dl and creatinine: 0.58 µg/dl). BUN and creatinine levels were diminished in curcumin + lithium group (mean of BUN: 37 mg/dl and creatinine: 0.39), significantly (P < 0.01) (Fig1 and 2) .
Lipid peroxidation results
Malondialdehyde as an index of lipid peroxidation has been increased in lithium group (1.07 µM/gr) and diminished in curcumin + lithium group (0.72 µM/gr) significantly (P <0.01) (Fig. 3, Fig. 4) .
Pathological results
In lithium group, dilation, oedema and inflammations of microtubules of nephrons and focal and moderate lymphocytic infiltration in interstitial tissues showed (were indicative of) inflammatory reactions (Fig 5(A, B) ); but with specific staining (periodic acid shift and three chrome), the gloumerols were unchanged (Fig 5C) which indicates that the filtration ability of nephrons was not disturbed seriously. In lithium + curcumin group, dilation and inflammations of tubules were improved clearly (Fig 5D) but yet, mild lymphocytic infiltration in interstitial were observed (Fig 5E) and as lithium group the gloumerols were unchanged.
Discussion
The results of recent studies showed, chronic treatment with lithium chloride at dose of 2 mmol/kg has induced oxidative stress, increased BUN and creatinine of blood and inflamed the microtubules. Also curcumin could have ameliorated BUN and creatinine levels and improved histopathological defects following lithium chronic nephrotoxicity. It significantly prevented the lipid peroxidation (as an index of oxidative stress) in nephron tissues. As we know BUN and creatinine can be an important indicator of the kidney function (14) . Mechanism of lithium toxicity may be due to increase in expression of cyclooxygenase-2 and in urinary prostaglandin E2 excretion by modularly interstitial cells (15) . These prostaglandins then act on principal cells to induce lysosomal degradation of AQP2 water channels and to decline urine concentrating ability. Lithium may reduce AQP2 gene transcription, an effect that is prostaglandin independent, leading to a further decrease in concentrating ability (15) . Lithium induces remodeling of collecting duct which is characterized by a decreased population of principal cells relative to the number of intercalated cells, a phenomenon that was previously presumed to be due to apoptosis (17, 18) . However, lithium may actually lead to proliferation of principal cells, which then will undergo cell cycle arrest (18) . This happening may also be responsible for the development of interstitial nephritis and renal fibrosis. Aquaporin-2 (AQP2) is the vasopressin-regulated water-channel protein expressed at the connecting tubule and collecting duct and plays an important role in urine concentration and body-water homeostasis through short-term and long-term regulation of collecting duct water permeability. The signaling transduction pathways result in the AQP2 trafficking to the apical plasma membrane of the collecting duct principal cells, including AQP2 phosphorylation, RhoA phosphorylation, actin depolymerization, and calcium mobilization. Dysregulation of AQP2 has been shown to be importantly associated with a number of clinical conditions characterized by body-water balance disturbances, including hereditary nephrogenic diabetes insipidus (NDI) and lithium-induced NDI (18) . Previous studies have reported several preventive roles for curcumin in nephrotoxicity. Curcumin treatment in an animal model of diabetic nephropathy has attenuated proteinuria and improved creatinine clearance after three weeks (2) . In addition, it decreased oxidative stress by reducing levels of subunits of nicotinamide adenine dinucleotide phosphate NADPH (2). It was supposed that the renoprotective effect of curcumin was related to the downregulation of the profibrotic cytokines as vascular endothelial growth factor (VEGF), TGF-ß, CTGF and osteopontin as well as in extracellular matrix proteins, fibronectin and collagen IV (1) . Cellular events such as inhibition of NF-κB (19) (20) (21) and decrease of macrophage's infiltration, histone acetyltransferase p300 protein and diminishing of oxidative stress are among the reported mechanisms (19-21) through which curcumin can prevent nephropathies.Waseem et al. has shown that curcumin has protective effect against acute nephrotoxicity model induced with cisplatin in rat and it could have reduced lipid peroxidtion and proteinyl carbonyl levels (22) . Ukei et al. has shown that levels of inflammation factors as tumor necrosis factor (TNF)-α and monocyte chemoattractant protein (MCP)-decreased in mice which received curcumin, 10 mg/kg with cisplatin (23). Manikandan et al. reported that curcumin could reduced iNOS and NF-қB expression (19) in acute nephrotoxicity model of gentamyci and curcumin administration reduce BUN, creatinine and MDA in rats in model of acetaminophen induced nephrotoxicity (24) . Our study is very similar to Cekmen exam with similar MDA and histopatholgical results and in parallel with some others studies as Ukei M et al who has shown suppressing effect of curcumin against inflammation factors as (TNF)-α with curcumin in nephrotoxicity.
Conclusion
This study was one of the first studies which showing the preventive role of curcumin against lithium chronic nephrotoxicity. As curcumin is a safe additive material with no drug interaction, it can be suggested for co-treatment with Lithium in various psychological disorders, However more complementary in vivo studies are needed to assay the effect of curcumin on more parameters in oxidative stress.
